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ABSTRACT 
Digital technologies, including participatory Internet mapping, social media and smartphones, 
provide new avenues for research in outdoor recreation and tourism. The potential to reach a 
greater audience and collect visitation data on a broader scale, with less costs than traditional 
paper surveys, are key advantages that have increased the use of these novel technologies. 
Using of mobile apps for data collection is still at the experimental stage. We evaluate 
previous attempts to use apps for monitoring recreation and tourism in protected areas, as an 
alternative to other in situ or online methods. We present a pilot study implemented in 
Jotunheimen National Park (Norway), where we developed a mobile app for visitor 
monitoring and real-time mapping of values and experiences. We present the lessons 
learned, give suggestions  on how and for what apps can be used, and discuss the advantages 
and limitations of using smartphones for visitor monitoring in protected areas. 
 
1. Introduction 
Protected areas (PA) are the main destination for a growing number of nature-based tourists 
worldwide (Balmford et al. 2009). Tourism can generate public support and provide revenues 
for conservation and local development, but it also requires careful planning to avoid issues of 
crowding and ecological impact in PAs (Manning 2011; Newsome, Moore, and Dowling 2013). 
Understanding the spatial and temporal distribution of visitors, their values, motivation, 
experience, and impacts, is therefore critical for managing PAs (Beeco et al. 2013; Hammitt, 
Cole, and Monz 2015; Hadwen, Hill, and Pickering 2007).  
 
Visitors to PAs engage in a range of activities, each with associated spatial behaviors. For 
example, they are frequently attracted to specific locations of the park (Hallo et al. 2012), 
they may walk off trails (D’Antonio et al. 2010), they prefer a diverse set of activities and 
experiences (Ridding et al. 2018), and have different motives for selecting specific locations in 
the parks (Gundersen et al. 2015). With increased use and a broader range of people and 
associated activities in PAs, the shift in spatial distribution of use may challenge park resource 
management or increase the tensions with other park users.  
 
Traditional methods for monitoring visitors such as self-report travel diaries, interviews and 
surveys, are time consuming for respondents. It could be difficult to recruit people in situ 
when they have just completed a recreational activity and prefer to have a rest, and the 
methods require a large number of field staff for recruiting participants and for managing and 
analyzing data after data collection (Shoval, Isaacson, and Chhetri 2014; J. Wolf 2000). The 
reporting of the spatial dimension of visitors’ use depends on the respondents reporting their 
travel locations on paper maps usually upon trip completion. This increases the chance of 
imprecise and erroneous reporting because they are highly dependent on the respondents’ 
memory and willingness to participate (Stopher and Greaves 2007). Moreover, paper maps 
would need to be digitalized, unlike other platforms which can be directly imported into 
spatial analysis software (Pocewicz et al. 2012). 
 
Tracking visitors by GPS (Global Positioning System) devices, provides higher spatial quality of 
the data by recording the accurate time and spatial location of the visitors, departure and 
arrival time, attractions visited and walking speed (Grinberger, Shoval, and McKercher 2014; 
Orellana et al. 2012; Shoval, Isaacson, and Chhetri 2014). Visitors that enter a PA could be 
given a GPS device that they carry during their visit which could be followed by a survey 
collecting their experiences and satisfaction (Birenboim et al. 2015). Data obtained from the 
GPS devices are accurate and in real time, and provide data on the spatial and temporal 
behavior of visitors (Shoval, Isaacson, and Chhetri 2014). This method also allows identifying 
off-trail use and important visitation hotspots (D’Antonio et al. 2010). Although the accuracy 
of GPS devices has been shown to be better than other methods (Raun, Ahas, and Tiru 2016), 
studies carried out using GPS devices have usually been applied in confined and limited areas, 
as it requires specific devices to be carried by participants and returned so data can be 
retrieved (Shoval and Ahas 2016).  
 
While using GPS devices for visitor tracking offers accurate and precise mapping of visitor use 
patterns with high-resolution, crowdsourced data could be used to assess a large number of 
users at a broader scale (Shoval and Ahas 2016; van Zanten et al. 2016). Crowdsourcing 
involves  a large number of people collaborating to solve a problem (Doan, Ramakrishnan, 
and Halevy 2011), or contributing with ideas or content, particularly by use of internet, social 
media or smartphone apps (Levin, Lechner, and Brown 2017) . According to Doan, 
Ramakrishnan, and Halevy (2011), crowdsourced data systems can be developed by explicit or 
implicit participation of users. For example, crowdsourced data can provide the locations 
visited in PAs on online platforms (explicit participation) where visitors would manually enter 
their location. This is defined as Volunteer Geographic Information (VGI), which is based on 
volunteers registering geospatial information of a certain issue, as for example Wikimapia, 
which is a platform where users can geolocate places and add descriptions of the place 
(Goodchild 2007). Crowdsourced data can also be obtained through passive positioning of 
mobile phones, such as data collected from phone companies which store the location of 
mobile phones; i.e. (implicit participation (Birenboim and Shoval 2016; Brown and Weber 
2013) . Crowdsourced data from georeferenced social media, such as Flickr, Twitter, 
Panoramio and Instagram, has been used to estimate the number of visitors in PAs (Wood et 
al. 2013) and to evaluate what attracts tourists to a site by content analysis of the pictures 
(Walden-Schreiner, Leung, and Tateosian 2018; Gliozzo, Pettorelli, and Haklay 2016; 
Martínez-Pastur et al. 2016). In addition, passive positioning of mobile phones has been used 
to study the geographical distribution of international visitors (Ahas et al. 2008).  
 
Disadvantages of using secondary crowdsourced data such as social media and call activity 
include the lack of other variables that are not recorded by the platform, such as 
demographics, satisfaction and travel motives (van Zanten et al. 2016). Moreover, manual 
geotagging can be imprecise (Walden-Schreiner, Leung, and Tateosian 2018) due to 
unfamiliarity with the area, or lack of memory due to a posteriori tagging. Social media and 
call activity could also be biased towards certain user groups of the PAs.  People cannot be 
recruited by face-to-face contact or mail to participate, and it is therefore challenging to 
evaluate which of the user groups are over- or underrepresented in the resulting maps. 
 
Public Participation Geographic Information System (PPGIS) collects primary crowdsourced 
data on an online participatory platform where visitors can drag and drop markers on a map. 
Web-PPGIS has been used to map values, management preferences, visitor experience and 
satisfaction, and can be combined with online surveys to collect data on demographics, travel 
motives, value-orientations and environmental attitudes (van Riper et al. 2012; Brown and 
Weber 2013). The web-PPGIS can ease the recruitment of respondents in areas with low 
density of visitors and increases the time people can devote to answering the survey, by 
participating a posteriori at home. An additional advantage is that the recruitment is not 
affected by meteorological conditions, as is the case of in situ questionnaires and GPS 
tracking. However, web-PPGIS carries some of the challenges of completing a survey after the 
event/activity is over, which include imprecision and memory dependency, as in the case of 
locating the markers on the exact location or remembering past feelings and values. Online 
mapping may also capture only those respondents that are drawn towards using such 
technologies, such as those with higher education (Pocewicz et al. 2012; Brown et al. 2015). 
Until recently web-PPGIS required computational skills which acted as barriers for using 
online mapping, but recently commercial software have eased the process of setting up such 
platforms (see International Society for Participatory Mapping (2018) for an overview of 
software and tools).  
 
Smartphones have been proposed to overcome some of the challenges held by the 
methodologies listed above (Birenboim and Shoval 2016; Shoval and Ahas 2016). Modern 
smartphones include a set of sensors and features that allow collecting spatial data in real 
time, are often carried by visitors during their trips and do not depend on face-to-face 
recruitment. There are many mobile apps dedicated to tourism, mainly providing information 
for tourists, giving personalized feedback and allowing tourists to give their feedback so other 
tourists can receive updated information (Dickinson et al. 2014). These mobile apps are 
assumed to influence travel decisions (Wang, Park, and Fesenmaier 2011) and may contribute 
to tourism research by solving many of the shortcomings faced by other tracking 
methodologies (Shoval and Ahas 2016).  
 
The use of dedicated mobile apps for tourism tracking and monitoring is an emerging field 
(Pickering et al. 2018), and most pioneer studies have made use of already existing platforms 
to collect spatial data on visitors. Norman & Pickering (2017) compared three tracking apps to 
collect data on visitors’ spatial distribution and to assess the usefulness of such tools for three 
areas of varying degree of remoteness. They found these apps to be useful for visitor 
distribution monitoring and off-trail use, but number of visitors on formal trails was more 
accurately measured by automated counters. Montini, Prost, Schrammel, Rieser-Schüssler, & 
Axhausen (2015) developed the PEACOX journey travel mobile app as an alternative to 
traditional paper based travel diaries. They concluded that data collected by dedicated GPS 
devices have a higher accuracy and gather a greater amount of trips than smartphones, but 
both tools could replace traditional paper diaries in terms of mapping travel behavior. Kangas, 
Rasinmäki, Eyvindson, & Chambers (2015) developed a mobile app called Tienoo as a tool for 
participatory forest planning. The app has three functions, which are i) practical information 
for visitors (e.g. trails, ecology, history), ii) georeferenced opinions of visitors at any time and 
place, and iii) a geocaching game that directs visitors to certain locations in the forest and 
asks them about those particular areas. They argued that mobile apps can increase the 
accuracy of georeferenced feedback and provide real-time data. The main advantage of using 
mobile apps compared to other methods, is that a set of different data collection methods 
can be combined in a single interface, both spatial and non-spatial, thanks to built-in 
smartphone functionalities. Also, participants can be asked to consent to using their data for a 
research study or monitoring program unlike e.g. passive data gathering methods. There are, 
however, several challenges to solve before smartphone-based visitor monitoring becomes a 
standard method for protected area management.  
 
The purpose of this paper is to explore the potential of using a dedicated smartphone 
application to combine GPS tracking (real-time data on travel routes and time spent on 
location in the park), participatory mapping of visitor experiences and values (real-time 
mapping of what visitor like and dislike, a.k.a. real-time PPGIS) and short surveys (including 
sociodemographic data, travel motives and satisfaction). We first present the lessons learned 
from our pilot study in Jotunheimen National Park and Utladalen Protected Landscape and 
thereafter we discuss how mobile apps can be implemented for visitor monitoring and 
research in PAs. 
 
2. Jotunheimen Tracking mobile app: A pilot study 
We developed a dedicated mobile app (called Jotunheimen Tracking) for visitor monitoring as 
a proof of concept to show the utility of using such a technology for visitor monitoring in 
protected areas and social spatial data gathering in an integrated interface. While mobile 
apps have been developed previously for location-specific preferences in forest management 
(Kangas et al. 2015), we are not aware of any mobile apps monitoring visitors to PAs using 
questionnaires and real-time PPGIS mapping of landscape values in a single interface. The 
goal of the app was to identify the spatial distribution of visitors, locate value hotspots and 
the type of activity conducted during the trip to a PA. In addition to questionnaires, the app 
included a functionality to tag places of interest in situ while visitors were on tour. This 
functionality resembles real-time PPGIS and can emulate trail use. 
 
2.1.  Study area 
We tested the app in two PAs in southern Norway: Jotunheimen National Park and Utladalen 
Protected Landscape. They were designated in 1980 for the purpose of protecting wilderness 
and cultural landscapes in alpine environments. These are among the most visited PAs in 
Norway as Jotunheimen National Park contains the highest peaks in Scandinavia, several lakes 
and glaciers that attract many visitors. There is about 300 km of trails offering cabin-to-cabin 
hikes that run across the national park. In Scandinavia, PA management is challenging as 
visitors do not necessarily enter through major gateways in the parks. The Right of Open 
Access (“allemannsretten”) allows visitors access to non-intrusive outdoor recreation, 
including hiking and camping almost anywhere in PAs, unless special restrictions have been 
set (Kaltenborn et al. 2017; Tolvanen et al. 2005). The reason behind using a mobile app 
instead of other methods for visitor monitoring, is the challenges of recruiting participants 
due to low density of visitors, dispersed hiking off trails, and undefined entrances to 
protected areas (Kuba et al. 2018).  We reasoned that a mobile app would be appropriate for 
our study because it requires the least face-to-face contact, whilst actively involving visitors to 
provide data on spatial information on values and experiences from the locations they visited 
in the park. 
 
2.2. App description 
The mobile app can be downloaded at jotunheimen-tracking.no, where we also include 
instructions for its use. The app was designed in collaboration with users to enhange usability 
and clarity for the users. The interface was divided in four individual screens (screen 2,3 and 4 
were developed with input from park managers and accommodation venues). First, the study 
aim and the instructions were presented to the participants. Informing the participant about 
the study is crucial for motivating visitors to participate, to provide clear instructions for how 
to use the app, and to inform about confidentiality, free consent and their rights to withdraw 
from the study. At this stage, a confidentiality consent was signed by the participant following 
the Norwegian Personal Data Act 2000. In the second stage participants were asked to 
provide demographic variables (Table 1), which were answered only once, independently of 
the amount of times the mobile app was used for tracking activities. Demographic variables 
have been shown to influence travel behavior, and they are therefore important to include in 
the app (Gundersen et al. 2015; Korpilo et al. 2018). 
(Table 2 about here) 
Third, visitors were encouraged to map their values in real-time inside the study area (also 
referred to as real-time PPGIS). The GPS functionality was activated by clicking on “Start” to 
activate the tracking. During the trip, visitors could push the buttons “I like this area” or “I 
dislike this area”, each of which opened a list of reasons for why they liked/disliked the area 
(Figure 1). The list aimed at capturing the values that people ascribe to nature and was 
inspired by The Common International Classification of Ecosystem Services (European 
Environmental Agency 2018) and studies on disservices emphasizing negative values that 
people may assign to nature and impacts caused by other humans (hereafter refer to as 
disservices) (Plieninger et al. 2013; Hammitt, Cole, and Monz 2015; Mackay and Campbell 
2004). The time, day and location was recorded for these values at the moment the 
like/dislike button was pressed. When the activity was finalized, the visitor pushed the finish 
button which directed respondents to the next survey. Thus, the variables registered were: 
start and end locations of the trip, and the location of landscape values and disservices. We 
assessed the possibility of including a tracking functionality to the mobile application in order 
to track the route of participants, but this was eliminated to avoid battery drainage. 
Figure 1. Buttons displaying reasons for liking/disliking a location (Values). The list on the left 
corresponds to the buttons that appear when "I like this area" is pressed. The list on the right 
corresponds to the buttons that appear when «I dislike this area is pressed. 
(Figure 1 about here) 
Fourth, once the activity was finished, the respondents were directed to a final questionnaire 
about the trip just tracked. Respondents could select all the activities conducted during their 
last trip from a list. We allowed respondents to select multiple activities since one trip in 
nature often combines activities (Manning 2011), such as hiking, photography and camping. 
In order to classify how visitors travel, we asked whether the respondents were accompanied 
by others during the trip, such as family, friends, partners, were participating on an organized 
trip, or whether the respondents were traveling alone. We asked three questions regarding 
the recreational experience of the trip which included values that were difficult to assign to a 
particular location but that could influence the experience of the trip (rated on a likert scale 
from 1 to 5), impacts encountered during the trip which could affect visitors’ experiences, and 
the overall experience (Table 2). A description of the recruitment campaign and the results 
from our pilot study can be found in the Supplementary material. 
(Table 2 about here) 
3. Results 
Here we summarize some of the results obtained from our pilot study (see also 
supplementary material). While 123 visitors completed the first survey, only 25 completed 
the last step. This could be due to a variety of reasons, including past visitors answering the 
first survey, difficulties to understand the mapping exercise, or lack of time or interest to 
complete all the steps. The average age of respondents was 41.7 years, the majority were 
males and had colleague or university education. Almost half of the participants were 
Norwegians, and the same proportion was first time visitors. Most frequently conducted 
activities were hiking and photography, most commonly together with their partners or family 
members. “Undisturbed nature” and “aesthetic/scenic” were the most frequently mapped 
values. Spending time with family and/or friends and contributing to physical and/or mental 
health were valued highest in the questionnaire addressing non-spatial values. The overall 
experiences was rated as good by the respondents.  
 
The spatial analyses of place values demonstrated that the mapping functionality was not 
properly understood, nor used for long trips, as 90 % of the values were placed within 1 km 
from roads and the median distance between start/end locations and values was 13.8 m. 
Most of the participants only used less than 15 minutes for a tracked trip, which could be 
explained by the functionality, battery capacity or a lack of motivation for the mapping 
exercise. Few left their email address for further evaluation of the app, so we were not able to 
get feedback directly from the users.  
 
4. Lessons learned from using mobile apps for visitor monitoring in protected areas 
A primary goal of this pilot study was to understand the challenges and opportunities of using 
a mobile app-based approach for visitor monitoring. The principal question researchers (and 
practitioners) need to ask before embarking on a monitoring program using crowdsourced 
data is whether it is the right tool to undertake a mobile app study for visitor monitoring (Why 
use mobile apps for visitor monitoring?). It is also important to consider the feasibility of 
visitor monitoring using mobile apps by asking: what population of visitors are we targeting? 
How, when and where do we recruit people? What kind of data can be collected? What kind 
of technical support is needed? We also discuss some of the challenges of implementing the 
mobile app.   
 
4.1. Why monitor visitors using mobile apps. 
Most protected areas lack the spatial and temporal data of visitor use necessary for managing 
the increasing number and diversity of nature-based tourists (Newsome, Moore, and Dowling 
2013; Hammitt, Cole, and Monz 2015; Schägner et al. 2017). Visitor monitoring is limited by 
the costs and logistical constraints for collecting data on the park level, and lack of data with 
sufficient accuracy for site-specific management within park boundaries. Previous studies 
have shown that crowdsourced data could provide the “volume, velocity and variety” for 
monitoring visitor numbers on park level (Wood et al. 2013; Levin, Lechner, and Brown 2017), 
and for early detection of new activities and trends in visitors’ uses of the parks (Heikinheimo 
et al. 2017). PPGIS has the potential to account for the wider spectrum of values appreciated 
by visitors to PAs which can be defined by the researcher, whereas other VGI methods are 
limited with regard to mapping indirect-use and non-use values (Levin, Lechner, and Brown 
2017). The mobile app approach could therefore be used when there is a need for site-
specific information about values, preferences or experiences associated with different user 
groups. The “Jotunheimen tracking” app was specifically designed for capturing spatial explicit 
information about visitors’ values and experiences in PAs for evaluating spatial behavior, 
crowding and ecological impact on PAs. Mobile apps are unique compared to other methods 
in terms of its ability to couple broad scale data on sociodemographic profiles, with the spatial 
and temporal pattern of visitor use to site-specific preferences, values, and experiences 
mapped in real-time.  
 
4.2. Who is the mobile app targeting  
Protected areas are often large with a low number of staff which makes recruitment by face-
to-face contact at park gateways time consuming. In our pilot, and in many remote PAs, 
visitors could enter PAs from different trailheads, walk off trail and disperse over large areas, 
which makes indirect recruitment necessary. Traditional media (such as TV, newspapers, 
radio, posters), social media (blogs, webpages, Facebook, Twitter and Instagram among 
others), and tourism information and accommodation venues close to PAs are more 
appropriate means for collecting data from a large number of visitors reducing the need for 
field assistance during the sampling campaign.  Venturelli, Kieran, and Christian (2016) found 
recruitment (and retention) to be among the main barriers for using apps to monitoring 
recreational fishing. According to them, apps need to be easy-to-use, have appealing 
interfaces, be fun to use, and/or provide some incentives to increase participation. Logging 
your trips, sharing information with other users and location specific information about 
destinations in the app are functionalities that can increase the use of mobile apps. 
Collaboration with the tourist offices, restaurants and accommodation venues surrounding 
the PAs tourist could provide small rewards (e.g. beverages), and the use of gaming or 
geocaching functions as in the Tienoo mobile app are more advanced functions which could 
increase the motivation to participate (Kangas et al. 2015). Finally, informing about how data 
will be used and reporting of end-results for those who are interested are also considered 
best practices in research. Brovelli et al. (2016) also concluded from three mobile app studies 
that the users’ awareness of their contribution, the use of the data by decision makers, and 
monetary or non-monetary incentives are key factors for increasing response rates.  
 
In our pilot study we used direct and indirect contact through traditional media, social media, 
posters and leaflets at accommodation venues and tourism offices (for details see 
Supplementary material). An article published in the local newspaper and direct contact 
through social media increased downloads of the mobile application and visits to our website. 
However, the lack of collaboration from the main tourist cabin network limited the spread of 
the application. The use of other methods than face-to-face contact require a prior-to-study 
campaign where social media content is created and bonds with local media and 
accommodation venues are established. We adopted the recommendations by Brovelli, 
Minghini, and Zamboni (2016) to make our mobile application code publicly available in order 
to ease future studies, and to conduct a short recruitment campaign focusing on groups of 
interest (see supplementary material for more details on the recruitment strategy), but our 
pilot study did not include incentives, which could potentially have increased participation. 
 
4.3. What type of data could be collected from mobile apps 
Managers often lack spatial data for effective planning of tourism in protected areas. The 
potential of Web-PPGIS to provide spatial explicit data on visitor values, experiences and 
preferences for different user groups have previously been demonstrated (Brown and Weber 
2013; I. D. Wolf et al. 2015; Levin, Lechner, and Brown 2017; Muñoz et al. 2018). The 
“Jotunheimen tracking” app was designed to provide the same kind of data, but with higher 
spatial accuracy compared with a posteriori mapping. However, some visitors might be 
reluctant to use mobiles for real-time PPGIS mapping as it would impact their enjoyment of 
the recreation activity. Some authors have raised questions regarding the battery capacity 
when implementing such a mobile application (Montini et al. 2015; Shoval, Isaacson, and 
Chhetri 2014). For studies that only require a tracking a route, smartwatches with built-in-GPS 
functionality can overcome this limitation. Also, in our pilot people mapped values and 
experiences close to cabins and roads, which may indicate a biased mapping. Further 
improvements of our mobile app should include a clear instruction on how to use the app and 
provide participants with a summary of the maps they create to increase their motivation to 
participate. 
 
An additional potential of mobile apps is to collect data on spatial behavior by use of GPS 
tracking such as time spent in different locations, travel speed, tracks and destination chosen, 
and off-trail hiking (Viswanath, Yuen, Ku, & Liu 2015), data commonly gathered in studies 
using dedicated GPS devices (D’Antonio et al. 2010). Several mobility studies have shown the 
applicability of mobile apps for transport mode and travel behavior analyses based on travel 
distance and speed (Jariyasunant et al. 2011; Nitsche et al. 2014). The advantage of using 
smartphone built-in GPS functionalities over passive positioning is that it allows continuous 
tracking, also in remote areas where phone coverage is poor or non-existent. Built-in GPS 
functionality can be combined with other smartphone features so mobile apps could be used 
to record unique data that could explain spatial visitor use. Thus behavioral data could be 
directly combined with how visitors perceive the quality of their destination (i.e. real-time 
mapping of values, experiences and satisfaction), and the motivation of different user groups 
to select the different destinations (i.e. brief survey recording motivation and 
sociodemographic data).  
 
Another functionality which could be incorporated includes geotagged photos or voice 
recordings. These can illustrate the real-time experience the visitor have during the trip. For 
example, Birenboim et al. (2015) used a GPS device to track visitors in a zoo and phone 
messages to report real-time experiences, which could be integrated in a mobile app for 
visitor monitoring. Regarding the use of geotagged photos, the advantage of mobile apps over 
other crowdsourcing methods (such as social media) is the possibility to sign a consent for 
data usage and collect other data than the picture or its metadata. Also, participatory 
mapping could capture visitor impacts or disservices to a larger extent than geotagged photos 
in social media would do, as social media posts are generally more positive although negative 
posts show a higher impact (Stieglitz and Dang-Xuan 2013). 
 
4.4. Challenges 
There are several limitations of using mobile applications for visitor monitoring in protected 
areas. The use of novel technologies for participatory mapping may be limited to certain 
groups of respondents which are more familiar with the technologies used. Using digital 
technologies for collecting data on values, preferences and experiences are likely to be biased 
towards specific user groups. Brovelli, Minghini, & Zamboni (2016) found that the majority of 
the participants in a mobile app mapping studies were under 30 years old. Web-PPGIS studies 
with random household sampling have shown a tendency for overrepresentation mid-aged 
men with higher education (Brown and Kyttä 2014). Due to lack of knowledge on actual visitor 
statistics in our study area, we are unable to assess the representativeness of the sample. In 
general our pilot corresponded to previous visitor surveys showing that the majority visiting 
Jotunheimen are Norwegians, first time visitors, and people in their mid-ages, but there was 
most likely a large overrepresentation of males (2/3) and highly educated respondents 
(70.3%). Shoval et al. (2014) found that tourists are more willing to participate in GPS tracking 
than other groups, but we had no possibilities to evaluate whether international or domestic 
visitors were more willing to participate than others. 
 
Unlike a GPS device, people are generally used to carrying their smartphones (Birenboim and 
Shoval 2016), but activating and using the mobile app during a trip is easy to forget (Montini 
et al. 2015). This poses a challenge in real-time PPGIS, which required active mapping during 
the whole trip. A posteriori mapping could overcome this limitation; however, the precision of 
mapped values would be dependent on the respondent’s memory, which is the main reason 
to implement a real-time PPGIS rather than a posteriori PPGIS. 
 
The accuracy of smartphone built-in GPS varies from device to device which can be corrected 
and averaged depending on the question at hand (Korpilo, Virtanen, and Lehvävirta 2017) . 
This can be challenging for studies that require a given accuracy of coordinates, which may 
favor the use of dedicated GPS devices. 
 
Developing and implementing mobile apps for visitor monitoring carry a set of technical 
challenges similar to those often encountered in other mobile apps. Mobile applications 
designed with relevance and needs of the end user in mind, with clear and easy navigation 
are more successful and are able to recruit more users (Luna et al. 2018; Sturm et al. 2018). 
Furthermore, allowing direct feedback and making data publicly available are important 
principles when involving citizens in data collection (European Citizen Science Association 
2015; Ahmad, Rextin, and Kulsoom 2018). Open source,code increases the usability and reuse 
of such a technology thereby reducing the costs of designing and developing a new app 
(Sturm et al. 2018; Luna et al. 2018). This allows more investment in time and resources for 
improving the design and functionality of the new mobile app. 
 
5. Conclusion: advantages and limitation of using mobile apps for visitor monitoring 
The advantage of using mobile apps for PA monitoring is the potential of simultaneously 
collecting different types of data: visitor behavior through GPS tracking, spatial information of 
values and experiences mapped by visitors themselves, and questionnaire responses. Similar 
to other crowdsourced data (VGI and PPGIS) a large number of visitors can be recruited using 
indirect contact methods, which increases the chance to capture those visitors that enter PAs 
from other entrances than major gateways. However, contrary to a posteriori mapping by 
web-PPGIS, real-time mapping of values and experiences reduces accuracy problems and 
dependency of memory and knowledge about the location visited. In addition, the use of 
smartphones with built-in GPS functionality reduces logistic challenges of delivering and 
collecting GPS devices in visitor tracking studies. Compared to passive positioning methods in 
PAs, which depend on phone coverage, GPS tracking through smartphones could also provide 
data on spatial behavior in remote areas (although depending on battery capacity for long-
distance trips). Unlike passive positioning and social media, real-time PPGIS can better 
capture negative experiences. Also, the mobile app allows implementing an adaptive 
monitoring strategy by adapting the app to collect new information as needed in the 
monitoring program. This could be done by either adjusting survey questions or using other 
built-in functionalities. 
 
Despite the advantages, mobile apps also carry some shortcomings. First, the use of novel 
technologies, such as mobile apps, can bias the data to visitors that are more accustomed to 
digital tools. Shoval et al. (2014) found that tourists are more willing to participate in GPS 
tracking studies, and mobile apps are perhaps most appropriate for monitoring the emerging 
trends in tourism and new user groups in the PAs.  However, it is not necessarily the right tool 
for capturing the use of visitors living in the vicinity of the parks. Second, visitors’ behavior 
could change when they know that they are tracked. There are no published studies that 
evaluate behavioral change as a result of tracking (Shoval and Ahas 2016), which is a 
limitation for understanding the efficiency of mobile apps for monitoring. Third, the high 
battery capacity needed to track an activity for several hours or days on the smartphone is a 
limitation for collecting visitor use patterns and time spent at different sites. It is possible to 
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Table 1. Demographic variables included in the first questionnaire of the mobile app 
Jotunheimen Tracking. 
Q1.  What is your country of 
residence?  
Norway
 (postal code)  
Other (country)     
Q2.  What is your gender?  Male Female 
Q3. What is your age? 
Q4. What it the highest education level you have completed? 
Primary school Secondary school High education 
Q5. What was the approximate total after-tax income of your household for year 2016? 
(optional question) 
Q6. How many times in the past have you visited this areas? 
 
 
Table 2. Final questions relating to the recreational experience for the whole trip inside the 
protected area. 
Q9. The visit today has been important for… (from 1 strongly disagree to 5 strongly agree) 
1.       learning about the nature 
2.       being together with my family/friends 
3.       my physical/mental health 
4.       inspiring me to create crafts, stories or other artistic work 
5.       nurturing a deeper meaning of nature; emotionally or spiritually 
Q10. My experience today was negatively impacted by… (choose) 
1.       crowdedness 
2.       lack of facilities 
3.       motorized vehicles 
4.       vehicle roads/tracks 
5.       trail condition 
6.       other: 





Figure 2. Buttons displaying reasons for liking/disliking a location (Values). The list on the left 
corresponds to the buttons that appear when "I like this area" is pressed. The list on the right 




Supplementary material (Data collection and results) 
Through “Jotunheimen tracking” app we gathered data on demographic variables, real-time 
PPGIS on landscape values and disservices (i.e. tagging liked or dislike places in situ during a 
trip), trip information, non-spatial landscape values, impacts and overall satisfaction.  
Our recruitment strategy was mainly targeting social media, newspapers, and leaflets and 
posters at accommodation venues and tourism offices. Every day from mid-July to mid-August 
we searched on Instagram photos geotagged inside the study area in the Instagram platform 
and we sent a message to inform about the study. We also distributed leaflets and posters in 
accommodation venues and tourism offices. The major tourist cabin network (The Norwegian 
Trekking Association) and hotels nearby were contacted in order to establish a collaboration 
to advertise the mobile app on their social media sites, but this strategy was less successful. 
We also published information in the local newspaper during the study period.  
In our pilot study, the average age of respondents was 41.7 years, predominantly males with 
a ratio of 1:3, and 70.3 % had colleague or university education. Norwegians accounted for 
42.3 % of all respondents, followed by Germans and Dutch (12.2 % each). The majority of the 
respondents (46.3 %) were first time visitors.  
The initial survey was answered by 123 visitors to the study area. Only 25 respondents 
answered the last survey after completing the activity, which may indicate difficulties in 
understanding the functioning of the mapping survey, lack of time or interest to track an 
activity or past visitors completing the initial survey. The mapping phase of the app collected 
limited data due to few mapped values, lower number of responses than initial survey 
participants, and most of tracked trips being of less than 15 minutes duration, indicating a low 
understanding of the mapping survey. 311 landscape values and 8 disservices were mapped 
inside and around the study area, and 40 additional landscape values and 4 disservices were 
mapped outside. As in many PPGIS studies, the most frequently mapped values were 
“undisturbed nature” (62) and “aesthetic/scenic” (52) (van Riper et al. 2012; Brown, Montag, 
and Lyon 2012), but also “interesting landforms” with 51 markers. In the 36 trips recorded in 
the final survey, respondents reported 64 activities, as each trip could include more than one 
activity. The most frequently recorded activities were hiking and photography (24 and 10 
respectively). The majority of the respondents completed their trip either with their partner 
(42.9 %) or with their family (39.3 %). Spending time with family and/or friends and 
contributing to physical and/or mental health were reported as the most important non-
spatial values with mean values of 4.5 and 4.3 respectively, followed by nurturing a deeper 
meaning of nature (4), learning about nature (3.6) and inspiration (3). The overall experience 
of respondents were good (4.3), but 25% reported negative experiences. 
We analyzed the mapping behavior of participants by calculating the distance between 
markers and between these and major roads. The median distance between the nearest 
neighbor points of start and end locations, and mapped values was 13.8 m, which indicates 
that respondents did not use the mobile app on long trips. We created a raster grid 
measuring the distance from roads to each of the quadrant on the study area, from which we 
extracted distance values for each marker. 90 % of all markers in the study area were located 
at a maximum distance of 1 km from roads.  
We created a kernel density plot in order to identify areas with high density of markers 
indicating hotspots, areas highly valued by visitors, or mapping biases. The kernel density plot 
showed a high density of markers in three areas which correspond to accommodation venues 
located in Beitøstolen, cabins from the Norwegian Trekking Association in the western part of 
the study area, and a popular camping situated on the eastern side of the study area (Figure 
3). These simple spatial statistics indicate that people map close to roads and accommodation 
and that our mobile app did not seem to work as intended, probably due to lack of 
understanding on the functioning of the app. 
Figure 3. Kernel density map of landscape values. Dark areas show a lower density of markers 
than brighter areas.  
 
 
